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The  antimicrobial  potential  of  extracts  of bark  and  leaves  of  Cassia  bakeriana  Craib,  Fabaceae,  against
aerobic  and  anaerobic  oral  bacteria  was evaluated  by  the  microdilution  broth  method.  For  crude  ethanol
extracts  and  organic  fractions  tested,  the  bark  dichloromethane  phase  showed  a  signiﬁcant  antibacterial
effect,  with  MIC  values  ranging  from  12.5  to 100  g/ml  for  most  of the  microorganisms  tested.  Thus,  a
bioassay-guided  fractionation  of  this  fraction  was  performed.  This fractionation  led  to  isolation  of  thentimicrobial activity
assia bakeriana
assic acid
ytotoxicity
,8-Dihydroxy-anthraquinone-3-carboxylic
cid
hein
1,8-dihydroxy-anthraquinone-3-carboxylic  acid,  also  known  as cassic  acid  or rhein.  It  is the  ﬁrst  time
that  this  bioactive  anthraquinone  has  been  isolated  from  this  plant.  Rhein  exhibited  good  selectivity  and
high  activity  against  anaerobic  microorganisms,  with  MIC  values  ranging  between  3.12 g/ml  (11.0  M)
and  25  g/ml  (88.0  M). These  results  were  considered  very  promising  since  the  most  active  samples
and  rhein  showed  greater  selectivity  against  oral  microorganisms  than  toxicity  to Vero  cells.
© 2016  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
he  CCaccess  article  under  t
ntroduction
Cassia bakeriana Craib, Fabaceae, is a tree belonging to the genus
assia. It is native in Thailand being also known as pink cassia
Lorenzi et al., 2003). A large variety of compounds has been iso-
ated from species of the genus Cassia.  The plants of this genus
re considered an important source of anthraquinones, alkaloids,
avonoids and other phenolic bioactive compounds. These metabo-
ites exhibit important biological activities such as anti-emetic
Ahmed et al., 2012), laxative, anti-diabetic, hepatoprotective (Dave
nd Lediwane, 2012), anti-inﬂammatory, antipyretic, antiviral,
ntioxidant, antibacterial, antifungal, and analgesic among others
Viegas Júnior et al., 2006; Mazumder et al., 2008).
Although the use of many Cassia species for the treatment of
arious diseases is well established, there is still a chemical and
harmacological potential to be explored in other species of this
enus (Mazumder et al., 2008; Dave and Lediwane, 2012). The
ssential oils chemical composition from bark, wood and leaves of
. bakeriana have already been determined, and except for wood,
∗ Corresponding author.
E-mail: eanascimento@ufu.br (E.A. Nascimento).
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102-695X/© 2016 Sociedade Brasileira de Farmacognosia. Published by Elsevier Edit
reativecommons.org/licenses/by-nc-nd/4.0/). BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
the bark and leaves essential oils exhibited high antimicrobial activ-
ity against aerobic and anaerobic oral microorganisms, as well as
low toxicity (Cunha et al., 2013).
The appearance of microorganisms that are resistant to vari-
ous antibiotics and their side effects has led to interest in plants
with antimicrobial properties (Namita and Mukesh, 2012). Several
natural products, mainly obtained from plants, have been tested
with the purpose of evaluating the antimicrobial activity on oral
microorganisms (Cunha et al., 2007; Porto et al., 2009; Carvalho
et al., 2011; Souza et al., 2011a,b; Waldner-Tomic et al., 2014;
Bardaji et al., 2016).
In the oral cavity, as well as other parts of the human body, there
is a characteristic microbiota in dynamic equilibrium with the
host. If this equilibrium is broken, bacteria that were outnumbered
may  develop or allows the colonization of other more pathogenic
microorganisms (Marsh and Devine, 2011). This condition can
lead to the development of oral diseases as caries, endodontic
lesions and periodontitis (Aas et al., 2005). In addition, oral
microorganisms can trigger various systemic diseases, including
cancer (Aas et al., 2005; Whitmore and Lamont, 2014). Some of the
risk factors that promote disequilibrium between oral microbiota
and host are unhealthy diet, tobacco use, harmful alcohol use,
poor oral hygiene, and social determinants (WHO, 2012). When
ora Ltda. This is an open access article under the CC BY-NC-ND license (http://
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isequilibrium occurs, it is necessary to restore oral health. Then,
n addition to the mechanical treatment and hygienisation, it
ecomes important to use antimicrobial agents to prevent and
ontrol the prevalence of oral pathogens (Teles and Teles, 2009).
Antimicrobial activity of crude extracts and isolated compounds
rom plants are often associated with toxicity tests using Vero cell
ine (Bagla et al., 2014), which is one of the most used cell line
n the biology research (Ammerman et al., 2008). These tests are
ecessary to determine if the sample is selective, i.e.,  if it exhibits
ntibacterial effect without showing signiﬁcant toxicity to Vero
ells (Bagla et al., 2014).
The aim of this study was to determine the antimicrobial activ-
ty of extracts of the leaves and bark of C. bakeriana against oral
acteria, performing concomitantly the phytochemical study of the
ost active extract. The toxicity of the most active samples was also
ested.
aterials and methods
lant material
Bark and leaves samples of Cassia bakeriana Craib., Fabaceae,
ere collected from specimens aged approximately eight years on
arch 2009 at the Federal University of Uberlândia, Minas Gerais,
razil (18◦55′8.95′′ S; 48◦15′34.01′′ W).  The plant was  identiﬁed by
pecialists, and a voucher specimen was deposited in the Herbar-
um Uberlandenses of the Federal University of Uberlândia, under
he number 63584 (Herbarium Code – HUFU).
eneral procedures
The NMR  spectra were obtained on a Bruker DRX-400 spec-
rometer using tetramethylsilane as internal standard. The infrared
nalyses were performed on Shimadzu IR Prestige-21 in KBr.
ephadex LH-20® and silica gel 60 G (70–230 mesh) were used
s the stationary phase in column chromatography. TLC was per-
ormed on silica gel 60 F 254 (5–40 m)  and silica gel 60 G
5–40 m)  plates and the spots were analyzed under UV light (254
nd 366 nm)  and the developing solutions used were methano-
ic solution of aluminium chloride 1% (w/v), ethanolic solution of
otassium hydroxide 10% (w/v) (Bornträger reagent) and ammonia
apours (Waksmundzka-Hajnos et al., 2008).
reparation of ethanol extracts and liquid–liquid partition
The leaves and bark of C. bakeriana were dried in an oven at 40 ◦C
or ten days and pulverized in a ball mill. The dry powder of the
eaves (1 kg) and bark (1 kg) was extracted three times with 2 l of
thanol 96% by maceration at room temperature for seven days. The
ixture was ﬁltered and the ﬁltrate was concentrated on a rotary
vaporator under reduced pressure at 40 ◦C, yielding 82 g and 68 g
f extractives, respectively. The dry ethanolic extracts from leaves
EL) and bark (EB) with 70 and 60 g, respectively, were redissolved
n 250 ml  of a methanol/water solution (9:1, v/v). A successive par-
ition of the EL extract yielding hexane (8.07 g), dichloromethane
34.35 g), ethyl acetate (10.8 g) and methanol (14.36 g) fractions
nd of the EB extract affording hexane (6.32 g), dichloromethane
9.84 g) and ethyl acetate (42.6 g) fractions. Subsequently, these
ractions were subjected to tests of antimicrobial activity.
ioassay-guided fractionation and isolation of
,8-dihydroxy-anthraquinone-3-carboxylic acid
The bioassay-guided fractionation was only carried out with
B2 (Scheme 1) because it was the most active against the oralarmacognosia 27 (2017) 91–98
microorganisms evaluated. Seven grams of PB2 was  fraction-
ated using a glass column packed with silica gel 60H (Merck
70–230 mesh, 10 × 50 cm), eluted with hexane (500 ml), hex-
ane/dichloromethane (1:1, 400 ml;  2:3, 400 ml), dichloromethane
(400 ml), dichloromethane/ethyl acetate (3:2, 2100 ml; 1:1,
400 ml;  2:3, 300 ml;  1:4, 300 ml), ethyl acetate (2400 ml),
ethyl(acetate/methanol) (1:1, 900 ml)  and methanol (2000 ml)
in order of increasing polarity. Twenty-four fractions were col-
lected and grouped into fourteen fractions after monitoring by
TLC (F1–F14) using hexane/ethyl acetate (1:1, 2:3) and chloro-
form/methanol (3:2, 1:1, 2:3) as mobile phase. The most active
fraction, F-11 (208.0 mg), was  resuspended in 5 ml of methanol
and then fractionated with Sephadex LH-20 (Healthcare, 50 g,
5 × 50 cm)  using methanol as mobile phase. Sixty fractions of
approximately 10 ml  were collected and monitored by TLC (mobile
phase chloroform/methanol 3:2, 1:1, 2:3), generating eight sub-
fractions F11.1 to F11.8. Only F11.1 (79.0 mg), F11.2 (55.0 mg)  and
F11.3 (67.0 mg)  were evaluated against oral microorganisms as
having presented sufﬁcient quantity for antimicrobial tests. F11.3
showed the highest antimicrobial activity and, therefore, emphasis
was placed on its analysis. The phytochemical prospection of F11.3
and its analysis were carried out by LC–ESI-MS/MS. F11.3 (65 mg)
was submitted to preparative chromatography on glass plates with
silica gel 60 G using chloroform/methanol (8:2) as mobile phase.
The compound that presented Rf 0.32 was removed from the plates
with silica and extracted with chloroform/methanol (1:1) to give
a yellow solid (8 mg). The representation of continuous procedure
of extraction and fractionation of C. bakeriana leaves and bark are
shown in Scheme 1.
Characterization of the isolated compound
The isolated compound was identiﬁed by spectroscopic analy-
sis as FTIR, UV–vis, LC–ESI-MS/MS, H1 NMR, COSY and HSQC and
by melting point. The results were compared with spectroscopic
data previously published (Danielsen et al., 1992; Wei  et al., 2003;
Ye et al., 2007; Dionex, 2009; Gavit and Laddha, 2010; Jiang et al.,
2012).
HPLC-DAD-ESI-MS/MS conditions
F11.3 fraction at concentration 500 g/ml was  analyzed on a
Shimadzu Prominence Liquid Chromatographic system equipped
with quaternary high pressure pump (LC-20AD), automatic injector
(autosampler) (SIL 20AC) and UV/vis photodiode array detec-
tor (DAD) model SPD-M20A. The chromatographic separation
was performed on a reverse-phase Phenomenex C18 column
(50 mm × 2.10 mm × 2.6 m)  maintained at 40 ◦C in an oven. The
volume injected was 5 l, in a ﬂow of 0.13 ml/min using water acid-
iﬁed with formic acid (0.1%, v/v) as mobile phase A and methanol as
mobile phase B in following program: 15–30% B (0–5 min); 30–50%
B (5–10 min), 50–70% B (10–15 min); 70–100% B (15–30 min); 100%
B (30–35 min), 100–15% B (35–40 min) and 15% B (40–43 min). The
diode array UV/vis detector was set to 190–800 nm. The mass spec-
trometry detection was  performed in a Shimadzu LC-IT-TOF with
quadrupole ion trap (IT) and time of ﬂight (TOF) sequential mass
spectrometer, using N2 as nebulizer gas at 1.5 l/min, temperature
of the desorption curve line (DCL) at 200 ◦C, drying gas at 100 kPa,
ESI ionization at +4.5 and −3.5 kV, and ion accumulation time of
10 ms.  The TIC chromatograms were obtained in positive and neg-
ative mode with m/z 50–1000. The proposed molecular formula
was selected according to the Formula Predictor® Software, real
possibility of the existence of the molecule, equivalence of double
bonds, nitrogen rule and error in ppm or mDa. Furthermore, the
suggestions of possible structures took into account related data in
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Plant
(Cassia bakeriana)
Crude ethanol extract
Leaves-EL (70.0 g)
Crude ethanol extract
 Bark-EB (60.0 g)
Column chromatography - Silica gel - Solvent system: hexane/hexane: dichloromethane/
dichloromethane/dichloromethane:ethyl acetate/ethylacetate/ethyl acetate:methanol/
methanol.
Maceration in ethanol anhydrous
Fractions
Subfraction
column chromatography- Sephadex LH20
Elution with methanol
CCD - Preparative chromatography
Elution with chloroform/methanol (8:2 v/v)
Yellow solid (8mg)
1,8-dihydroxy-anthra quinone-3 -carboxylic acid
Fractions
F1
(136mg)
F2
 (130mg)
F3
 (168mg)
F4
 (660mg)
F5
 (288mg)
F6
 (196mg)
F7
 (160mg)
F8
 (66mg)
F11.1
(79mg)
F11.2
(55mg)
*F11.3
(67mg)
F11.4
(1.0mg)
F11.5
(1.3mg)
F11.6
(1.9mg)
F11.7
(1.4mg)
F11.8
(1.0mg)
F9
(41mg)
F10
(243mg)
F11
(208mg)
F12
(1412mg)
F13
(366mg)
F14
(871mg)
Hexane
PL1
(8.07g)
Dichloromethane
PL2
(34.35g)
Ethylacetate
PL3
(10.8g)
Methanol
PL4
(14.36g)
Hexane
PB1
(6.32g)
*Dichloromethane
PB2
(9.84g)
Ethylacetate
PB3
(42.6g)
Antimicrobial
activity
Antimicrobial
activity
Antimicrobial
activity
*Sample more active
antimicrobial actiivity
I-Solubilization in ethanol/water (9:1 V/V).
2-Successive liquid-liquid partition.
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icrobial strains
The tested strains were purchased from the American Type Cul-
ure Collection (ATCC). The following microorganisms were used
n the present work: aerobic Streptococcus mutans (ATCC 25175),
treptococcus mitis (ATCC 49456), Streptococcus sanguinis (ATCC
0556), Streptococcus sobrinus (ATCC 33478), Enterococcus fae-
alis (ATCC 4082) and Agregatibacter actinomycetemcomitans (ATCC
3717) and anaerobic Fusobacterium nucleatum (ATCC 25586), Bac-
eroides fragilis (ATCC 25285), Actinomyces naeslundii (ATCC 19039),
revotella nigrescens (ATCC 33563) and Porphyromonas gingivalis
ATCC 48417).
ntimicrobial activity
The minimum inhibitory concentration (MIC) value is the lowest
oncentration of a compound, fraction or extract capable of inhib-
ting the growth of a microorganism. The antimicrobial activity
f C. bakeriana was determined in triplicate using the microdi-
ution broth method in 96-well microplates (CLSI, 2012a,b). The
amples were dissolved in dimethyl sulphoxide (DMSO; Synth)
t 8000 g/ml, followed by dilution in tryptic soy broth (Difco)
or aerobic and Schaedler broth (Difco) supplemented with hemin extraction and fractionation of Cassia bakeriana.
(5 g/ml) and vitamin K1 (10.0 g/ml) for anaerobic; concentra-
tions tested ranged from 400 to 25 g/ml and 25 to 0.39 g/ml.
The ﬁnal DMSO content was 4% (v/v), and this solution was  used as
a negative control. The inoculum was  adjusted for each organism to
yield a cell concentration of 5 × 105 colony forming units (CFU) per
ml.  The microplates with the aerobic microorganisms were incu-
bated aerobically at 37 ◦C for 24 h. The anaerobic microorganisms
were incubated for 48–72 h in an anaerobic chamber (Don Whitley
Scientiﬁc, Bradford, UK), in 5–10% H2, 0% CO2, 80–85% N2 atmo-
sphere at 37 ◦C. After that, resazurin (Acros Organics) (30 l) in
aqueous solution (0.01% w/v) was added to the microplates, to indi-
cate microorganism viability (Carvalho et al., 2011). Chlorhexidine
dihydrochloride (Aldrich) (CD) was used as a positive control, and
the concentrations ranged from 0.0115 g/ml to 5.9 g/ml. Steril-
ity tests were performed for the TSB and Schaedler broths, control
culture (inoculum), positive control, extracts and DMSO.
Cytotoxic activity
Samples of the compound, fraction or extract were dissolved
in methanol and diluted in DMEM (Dulbecco’s modiﬁed Eagle’s
medium, Sigma–Aldrich) until form a stock solution with a concen-
tration of 640 g/ml. The cell viability test was done with Vero cells
ATCC CCL 81. The cytotoxicity was evaluated using the microplate
dilution method. A solution containing 1 × 106 cells in 10 ml  sup-
plemented DMEM was  prepared and 100 l of this solution was
94 L.C. Cunha et al. / Revista Brasileira de Farmacognosia 27 (2017) 91–98
Table 1
LC-DAD-ESI-MS/MS data of the major constituents of fraction F11.3.
Compounds TR (min) [M−H]− (Da) Absorption UV/vis (nm) Fragments (%) Class of metabolite
1 5.99 299 228; 258; 288; 431 284 (100); 255 (41); 240 (21) Anthraquinone
2  6.75 283 228; 258; 290; 433 257 (3); 255 (2); 239 (100); 211 (2); 183 (2) Rhein
3  7.83 329 259; 277; 374 314 (100); 299 (14); 285 (20); 270 (14) Flavonoid
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L4  8.53 313 224; 258; 270; 438
5  17.39 325 Not obtained 
6  27.83 283 Not obtained 
ipetted into each well; then, the plate was incubated for 6 h at
7 ◦C in a humidiﬁed atmosphere with 5% CO2 to ensure cell adhe-
ion to the well. Once attached, the culture medium was  removed
nd sample solutions were added at concentrations of 512, 256,
28, 64, 32, 16, 8 and 4 g/ml, starting from the stock solution.
he ﬁnal volume in each well was 100 l and the quantity of cells
resent in each well was 1 × 104 cells. The ﬁnal concentration of
ethanol in each well did not exceed 3%. Controls were prepared
or growth (Cell viability 100%), positive (Cisplatin; Sigma–Aldrich),
olvent (Methanol; Synth) and samples. The plates were incubated
or 48 h at 37 ◦C in a humidiﬁed atmosphere with 5% CO2. Next,
0 l of developing solution of 3 mM resazurin in PBS was  added to
ach well (Rolón et al., 2006) and the plate was incubated again
or 24 h under the same conditions. Readings of absorbance at
94 nm were performed in a microplate spectrophotometer. The
ssays were done in triplicate and the results of the absorbances for
ach concentration were calculated according to the growth con-
rol. The CC50 (cytotoxic concentration at which 50% of the cells are
iable) was calculated by a dose-response graph nonlinear regres-
ion (Pillay et al., 2007). The cytotoxic assays were tested with
NOVA with a signiﬁcance level of 5%, using the Tukey method
n GraphPad Prism 5. The results of cytotoxic activity were eval-
ated by comparing the values of cytotoxic concentrations (CC50)
o Vero cells with the values of minimal inhibitory concentrations
btained from tests for antibacterial activity using the selectivity
ndex (SI). The SI was calculated by the logarithm of the ratio of cyto-
oxic concentration (CC50) and the MIC  value for microorganisms
SI = log [CC50]/[MIC]). A positive value represents higher selectivity
gainst microorganisms than toxicity to Vero cells, and a negative
alue indicates a higher toxicity to Vero cells than to bacteria (Case
t al., 2006).
esults and discussion
dentiﬁcation of compound isolated from Cassia bakeriana
The compound isolated from the subfraction F11.3 presented
roton NMR  analysis the following chemical shifts: 1H NMR
400 MHz, DMSO): ı ppm: 11.9 (3H, large, 3-COOH, 1-OH, 8-OH),
.21 (1H, s, H-4), 7.36 (1H, d, J = 8.0 Hz, H-7), 7.82 (1H, t, J = 8.0 Hz,
-6), 7.76–7.74 (2H, m,  H-2 and H-5). By HSQC spectrum, it was
ossible to assign the following signals 13C ı ppm: 138.4 (C-6),
24.7 (C-7), 124.3 (C-2), 119.5 (C-5) and 119.1 (C-4). The signals
f the H-5 and H-2 could only be identiﬁed by the HSQC spec-
rum (H-5, ı 7.74; H-2, ı 7.76). By COSY spectrum, it was possible
able 2
C–ESI-MS data of fraction F11.3 in negative mode.
Compounds TR (min) Experimental mass [M−H]− (Da) Theoretical mass [
1 5.99 2,990,536 2,990,555 
2  6.75 2,830,214 2,830,242 
3  7.83 3,290,651 3,290,661 
4  8.53 3,130,336 3,130,348 
5  17.39 3,251,790 – 
6  27.83 2,832,637 2,832,637 
a Data were insufﬁcient to determine the molecular formula.269 (100); 299 (11); 287 (5); 254 (19) Anthraquinone
183 (100); 197 (2); 170 (3); 119 (4) Not identiﬁed
Not obtained Fatty acid
to verify the couplings between H-6 and H-7 and between H-6
and H-5. The infrared analysis provided the following bands (KBr):
O H, 3630–3200 cm−1; C H aromatic, 3066 cm−1; C O (carboxyl),
1695 cm−1; C O (carbonyl), 1634 cm−1; C O, 1270 cm−1; C O,
1190 cm−1; C H aromatic, 751 cm−1. Data from UV–vis: Band I
(290 and 433 nm) and Band II (228 and 258 nm). Data obtained
from LC–ESI-MS/MS m/z: 283 [M−H]−, 257 [M−H C2H2]−, 255
[M−H CO]−, 239 [M−H CO2]−, 211 [M−H CO2 CO]− and 183
[M−H CO2 CO CO]−; and molecular weight 284.0320 from For-
mula Predictor® Software. Fragmentation of rhein was  recently
reported (Zhu et al., 2014). The melting point was  320 ◦C. The above
results are in accordance with data already determined in the liter-
ature for 1,8-dihydroxy-anthraquinone-3-carboxylic acid (1), also
known as cassic acid or rhein (Danielsen et al., 1992; Dionex, 2009;
Gavit and Laddha, 2010; Jiang et al., 2012; Wei  et al., 2003; Ye et al.,
2007).
Phytochemical prospection and LC–ESI-MS/MS analysis of the
F11.3 active subfraction
The TLC of F11.3 active subfraction (SiO2, chloroform/methanol
8:2 (v/v); methanolic solution of aluminium chloride 1%, w/v)
suggested the presence of ﬂavonoids, whereas TLC (SiO2, chloro-
form/methanol 8:2 (v/v); ethanolic solution KOH 10%, w/v and
ammonia vapours) suggested the presence of anthraquinones.
These results with F11.3 were conﬁrmed by LC–ESI-MS/MS. After
LC–ESI-MS/MS, it was  possible to determine that, in addition to
rhein compound, other structures as anthraquinones, ﬂavonoids
and fatty acid are present in F11.3. The study of the major compo-
nents of the subtraction F11.3 is indicated in Tables 1 and 2.Antimicrobial and cytotoxic activities
The results of the antimicrobial activity of crude ethanol extracts
and organic fractions of bark and leaves of C. bakeriana assessed
M−H]− (Da) Suggested formula IDH Error (ppm) Error (mDa)
C16H12O6 11 −6.3 −1.9
C15H8O6 12 −9.9 −2.8
C17H14O7 11 −3.0 −1.0
C16H10O7 12 −3.8 −1.2
–a – – –
C18H36O2 1 0 0
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Table  3
MIC  for the ethanol extracts and fractions of bark and leaves of Cassia bakeriana.
Bacteria Minimum inhibitory concentrations (MIC) – g/ml
Ethanol extract crude and fractions – C. bakeriana
Bark Leaves cCD
Ethanol
extract
EB
Hexane
fraction
PB1
Dichloromethane
fraction
PB2
Ethyl acetate
fraction
PB3
Ethanol
extract
EL
Hexane
fraction
PL1
Dichloromethane
fraction
PL2
Ethyl acetate
fraction
PL3
Methanol
fraction
PL4
aS. sanguinis 400 >400 100 400 >400 >400 >400 >400 >400 1.84
aS. mitis >400 300 200 200 >400 >400 >400 >400 >400 3.68
aS. mutans >400 25 400 >400 >400 >400 12.5 >400 >400 0.92
aS. sobrinus >400 25 100 >400 >400 >400 25 >400 >400 1.84
aE. faecalis >400 >400 >400 >400 >400 >400 >400 >400 >400 7.37
bB. Fragilis >400 200 20 >400 100 200 400 400 >400 1.84
bP. nigrescens >400 >400 200 400 >400 >400 >400 >400 >400 1.84
bA. naeslundii >400 >400 12.5 400 >400 >400 >400 >400 >400 1.84
bF. Nucleatum >400 200 12.5 200 >400 >400 >400 >400 400 1.84
bP. gingivalis >400 400 100 >400 >400 >400 200 400 >400 3.68
a Gram–positive bacteria.
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Rb Gram–negative bacteria.
c CD, positive control (chlorhexidine dihydrochloride).
olvent control (4% DMSO solution) did not affect the growth of microorganisms.
n vitro are shown in Table 3. The lowest inhibitory concentra-
ion was found to the bark fraction obtained from the phase in
ichloromethane (PB2) with values of 12.5 g/ml against the bacte-
ia A. naeslundii and F. nucleatum and 20 g/ml against B. fragilis.
xcept for E. faecalis, PB2 inhibited the growth of all microor-
anisms evaluated, showing a higher antibacterial effect against
naerobes. Crude extracts and compounds isolated from natural
roducts with MIC  values under 100 and 10 g/ml, respectively,
an be considered promising antimicrobial agents (Rios and Recio,
005). Due to the fact that PB2 has shown antibacterial activity
gainst most oral aerobic and anaerobic microorganisms evaluated
nd the MIC  values are equal to or below 100 g/ml, the fraction-
tion of this sample was performed. The resulting F1–F14 fractions
ere subjected to antimicrobial activity tests and the results are
resented in Table 4. Comparing the MIC  values of fractions F1 to
14, lower MIC  values were found for the F11 fraction. This fraction
ndicated higher antimicrobial activity to aerobic microorganisms
hen compared with PB2. F11 inhibited A. actinomycetemcomitans
ith MIC  of 25 g/ml, a very aggressive oral pathogen involved in
ases of severe periodontitis in young and adult humans (Lorenzo,
004). A very promising result was found for F11 against P. gin-
ivalis, when its inhibitory concentration of 0.78 g/ml was  lower
han that reported for the positive control. F11 showed higher MIC
alues than PB2 with respect to some anaerobes, although the activ-
ty of F11 remained relevant with concentrations of 100 g/ml or
able 4
esults of antimicrobial activity of fractions F1–F14.
Bacteria Minimum inhibito
F1 F2 F3 F4 F5 F6 F7 
aS. sanguinis >400 400 400 100 400 400 – 
aS. mitis 200 400 25 100 200 100 – 
aS. mutans 300 400 300 200 >400 200 – 
bA. actinom 200 400 200 200 400 200 – 
aE. faecalis >400 >400 >400 >400 >400 >400 – 
bB. Fragilis >400 300 >400 >400 >400 >400 – 
bP. nigrescens >400 >400 >400 >400 >400 >400 – 
bA. naeslundii >400 >400 >400 100 100 100 – 
bF. Nucleatum >400 400 400 200 400 400 – 
bP. gingivalis 300 200 25 25 100 100 – 
a Gram–positive bacteria.
b Gram–negative bacteria.
c CD, positive control (chlorhexidine dihydrochloride); –, there was  not enough mass fbelow. The MIC  results of F11 led us to work on its fractionation,
therefore, the subfraction F11.1 to F11.3 were obtained. The results
for MIC  values are shown in Table 5.
The subfraction F11.3 showed the best results of antimicro-
bial activity, inhibiting all microorganisms studied. E. faecalis was
resistant to all the extracts and fractions of bark and leaves of
C. bakeriana,  but had growth inhibition against F11.3 with an
MIC  of 200 g/ml. The strong antibacterial activity and wide
spectrum of action shown by the F11.3, against oral bacteria eval-
uated, may  be related mainly to the presence of ﬂavonoids and
anthraquinones in its composition (Table 1). Metabolites of these
classes of compounds has shown activity against various microor-
ganisms, including oral (Dahija et al., 2014; Riihinen et al., 2014;
Xiang et al., 2008). F11.3 has greater antibacterial effect against
S. mutans, F. nucleatum and P. gingivalis that different propolis
extracts, natural antibacterial product with recognized potential
in the treatment of oral infections (Waldner-Tomic et al., 2014).
The preparative chromatography F11.3 led to the isolation of
1,8-dihydroxy-anthraquinone-3-carboxylic acid, and its antimicro-
bial and cytotoxic activities were tested. The antimicrobial activity
found for the compound rhein, in comparison with PB2, F11 and
F11.3 are shown in Table 6. Rhein was  active on anaerobic bacteria
with values ranging between 3.12 and 25 g/ml, outstanding the
strong antibacterial effect against P. gingivalis (MIC of 3.12 g/ml).
The MIC  values for rhein show that it is a major contributor to
ry concentrations (MIC) – g/ml
Fractions
F8 F9 F10 F11 F12 F13 F14 cCD
>400 – 400 100 >400 >400 400 1.84
400 – 200 100 400 400 200 3.68
400 – >400 100 >400 400 >400 0.92
400 – 200 25 400 400 200 7.37
>400 – >400 200 >400 >400 >400 7.37
>400 – >400 50 >400 >400 100 1.84
>400 – >400 100 >400 >400 >400 1.84
>400 – 100 100 >400 >400 200 1.84
400 – 400 62.5 200 200 50 1.84
200 – 100 0.78 6.25 6.25 3.12 3.68
or antimicrobial testing.
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Table 5
Results of antimicrobial activity of F11.1, F11.2 and F11.3 subfractions.
Subfractions Minimum inhibitory concentrations (MIC) – g/ml
Microorganisms
Anaerobic Aerobic
bF. nucleatum bA. naeslundii bP. gingivalis bB. fragilis bP. nigrescens aS. sanguinis aS. mitis aS. mutans aE. faecalis bA. Actinom.
F11.1 >400 >400 >400 >400 >400 >400 >400 >400 >400 >400
F11.2  >400 >400 >400 >400 >400 >400 >400 >400 >400 >400
F11.3  50 100 12.5 50 25 25 12.5 50 200 25
cCD 1.84 1.84 3.68 1.84 1.84 1.84 3.68 0.92 7.35 7.35
a Gram–positive bacteria.
b Gram–negative bacteria.
c CD, positive control (chlorhexidine dihydrochloride).
Table 6
Inhibitory effect of the bioactive fraction PB2, F11, F11.3 and rhein.
Bioactive samples Minimum inhibitory concentrations (MIC) – g/ml
Microorganisms
Anaerobic Aerobic
F. nucleatum A. naeslundii P. gingivalis B. fragilis P. nigrescens S. sanguinis S. mitis S. mutans E. faecalis A. Actinom.
PB2 12.5 12.5 100 20 200 100 200 400 >400 –
F11  62.5 100 0.78 50 100 100 100 100 >400 25
F11.3 50 100 12.5 50 25 25 12.5 50 200 25
Rhein a 20 (70.4 M)  25 (88 M) a 3.12 (11 M)  >200 >200 >200 a a
CD 1.84 1.84 3.68 1.84 1.84 1.84 3.68 0.92 7.35 7.35
–
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–a Not determined (insufﬁcient sample quantity for the assay).
,  was not performed; CD, positive control (chlorhexidine dihydrochloride).
he antibacterial effect of F11.3 on anaerobes. Due to the fact that
hein was not active on aerobic, others bioactive compounds are
resent in F11.3, justifying its strong activity against these bacte-
ia. The structural formula of rhein has a carbonyl group and two
-hydroxyls at a linear position. This position has been suggested
s favourable for antimicrobial activity of anthraquinones (Xiang
t al., 2008).
There are other studies about antimicrobial effects seen with
erobic and anaerobic oral bacteria, involving compounds iso-
ated from plants. For instance, the triterpenes ursolic and oleanoic
cids and ursolic derivatives showed MIC  between 40 g/ml and
00 g/ml against S. mitis, S. sanguinis and S. mutans (Cunha et al.,
007). For these bacteria, the sesquiterpene caryophyllene oxide
nd derivatives of diterpene copalic acid exhibited MIC  ranging
etween 60 and 200 g/ml. The (−)-copalic acid exhibited MIC
etween 3 and 6 g/ml (Souza et al., 2011a) and pimarane-type
iterpenes inhibited bacterial growth at concentrations ranging
etween 2.5 and 20 g/ml (Porto et al., 2009). The sclareol and
anool diterpenes were active against A. naeslundii,  P. gingivalis
nd P. nigrescens,  with MIC  between 6.2 and 400 g/ml, while
−)copalic acid showed MIC  between 3.1 and 200 g/ml and copalic
able 7
ytotoxic activity and selectivity indexes of the bioactive samples.
Bioactive
samples
Vero cells
(ATCC CCL 81)
Anaerobic 
Cytotoxic activity
CC50 – g/ml
F. nucleatum A. naeslundii P. gingivalis B. fragil
PB2 325 ± 24 1.41 1.41 0.51 1.21 
F11  263 ± 12 0.62 0.42 2.52 0.72 
F11.3  196 ± 24 0.59 0.29 1.19 0.59 
Rhein  212 ± 16 a 1.02 0.92 a
Cisplatin 7.01 ± 0.66 – – – – 
a Not determined (insufﬁcient sample quantity for the assay).
,  was not performed. The SI was  calculated by the logarithm of the ratio [CC50]/[MIC]. Ciacid derivatives between 25 and 200 g/ml (Souza et al., 2011b).
The diterpene kaurenoic acid and its derivatives showed MIC
against A. naeslundii,  P. gingivalis and P. nigrescens between 1.25
and 60 g/ml (Carvalho et al., 2011). Although rhein not be active
against aerobic bacteria, it exhibited very promising MIC  value
against P. nigrescens and also good results against A. naeslundii and
P. gingivalis.
The fractions, the most active subfraction and rhein were tested
for cytotoxicity. The relationship between cytotoxicity and antimi-
crobial activity was established through the selectivity index (SI)
and is shown in Table 7.
PB2, F11, F11.3 and the pure compound showed lower toxicity
to Vero cells compared to the positive control cisplatin. Regarding
the cytotoxic activity, the values of CC50 decreased with fraction-
ation of active samples indicating an increase in toxicity. However,
when the selectivity index are considered, all bioactive fractions
and rhein presented positive SI values at concentrations that exhib-
ited strong antibacterial activity, indicating a great antibacterial
effect and selectivity against oral microorganisms. In the cytotox-
icity test, F11.3 and rhein showed no statistical difference at 5% by
Tukey test. The positive values of selectivity index ranged from 0.21
Selectivity index (SI)
Aerobic
is P. nigrescens S. sanguinis S. mitis S. mutans E. faecalis A. Actinom.
0.21 0.51 0.21 −0.09 <−0.09 –
0.42 0.42 0.42 0.42 <−0.18 1.02
0.83 0.83 1.19 0.59 −0.07 0.83
1.83 <0.02 <0.02 <0.02 a a
– – – – – –
splatin (positive control).
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o 2.52. The best SI values against aerobic were observed for F11.3.
his fraction showed great toxicity to the Vero cells only against
. faecalis, which was notoriously the most resistant bacteria. The
ighest SI values observed for anaerobes occurred with F. nuclea-
um, A. naeslundii and B. fragilis (PB2), with P. gingivalis (F11) and
ith P. nigrescens (rhein).
Rhein has been isolated in other species of Cassia (Dave and
ediwane, 2012) and others studies have proved its antimicrobial
ctivity (Didry et al., 1994; Kavanagh, 1947; Hatano et al., 1999).
dditionally to its antimicrobial potential, rhein is associated to
ntiviral (Barnard et al., 1992), antioxidant (Vargas et al., 2004),
nti-angiogenic (He et al., 2011), anti-emetic (Ahmed et al., 2012),
nticancer (Duraipandiyan et al., 2012) and antiﬁbrotic (Tsang et al.,
013) activities. C. bakeriana is presented in this work as one more
ource of rhein, furthermore, this compound proved to be an impor-
ant prototype for the development of an antimicrobial agent to
arget anaerobic oral microorganisms.
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